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TEMPLATE-BASED PAGE LAYOUT FOR
WEB CONTENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of co-pending U.S.
application Ser. No. 13/096,989, filed Apr. 28, 2011, which
1s incorporated by reference herein in its entirety.

BACKGROUND

1. Field of the Invention

This invention generally relates to performing page layout
for web content, and specifically relates to converting web
content for display on a client device using templates.

2. Description of the Related Art

Despite the proliferation of lightweight, portable comput-
ing devices, including tablet PCs, even the owners of these
devices continue to consume media from old-fashioned
newspapers and magazines. In some cases, paper-based
newspapers and magazines have been preferred because of
the aesthetically pleasing layout of the content. One of the
problems with web content 1s that because there 1s no
concept of a standardized size or length for web pages, they
frequently extend beyond the visible display area. As a
result, a user must repeatedly scroll down or across a web
page 1n order to read it. This presentation experience 1s
particularly {frustrating to users of devices with small
screens, since they must spend considerable time scrolling
back and forth or up and down to view the web page. This
experience 1s entirely in contrast to paper-based newspapers
and magazines that do not require, for example, horizontal
scrolling to view blocks of text, or vertical scrolling to view
embedded images—instead the user simply turns the page to
continue experiencing the content.

The poor quality of the layout of web content on portable
computing devices stems 1n part from the challenges asso-
ciated with translating web content designed to be viewed on
one display device to one or more different display devices.
Each display device may have different dimensions and
resolution. An article from a publisher may contain, for
example, a title, subtitle, by-line, dateline, text, pull-quotes,
images, and captions, which are collectively referred to as
the assets of the article. To accommodate the variety of
assets of an article, a sophisticated layout may be required.
However, such a sophisticated layout may not translate well
between display devices having different dimensions and
resolution. Such a sophisticated layout has previously also
been time consuming to create, since the articles had typi-
cally needed to be laid out manually by the publisher.

SUMMARY

In various embodiments, the present mnvention provides
systems, methods, and computer-readable storage media for
performing page layout of web content based on templates.
Publishers publish web content such as text, images, video,
or audio on web pages, web feeds, or other content distri-
bution platforms, which are referred to herein as “sources.”
Each source comprises one or more assets from one or more
asset types. The asset types include title, subtitle, byline,
dateline, pull quote, 1mage, video, audio, caption, and in-line
text. A content processing system processes the sources
received Ifrom the publishers using a conversion module and
a rule database. The conversion module restructures a
recerved source into a standardized format of the source,
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wherein each asset of the source 1s tagged with an asset type
according to rules present 1in the rule database. A layout
module interprets the standardized source, and selects one or
more templates from a template database to use for the
layout of the assets of the source. The layout module lays out
the assets of the source based on the selected templates. In
one embodiment, the layout module 1s on the client for
performing client-side page layouts, and in another embodi-
ment, the layout module 1s on a server.

In one implementation, to determine the template from a
template database 1n which to place the assets of the source,
candidate templates are 1dentified and scored based on the
assets of the source. Then a template from the candidate
templates 1s selected based on the score. Embodiments of the
invention include scoring templates based on calculating
subscores for each slot of each candidate template. For
example, the score of an 1mage slot of a template can be
determined by 1dentifying the aspect ratio of an 1image asset
ol a source, scaling the image to fill the 1image slot, deter-
mining the area of the image to be cropped, and calculating
the score of the 1image slot based on the degree of scaling and
the area of the 1image to be cropped. As a further example,
the score of frame can be based on how well a text asset fits
in the frame.

In another implementation, populating the template with
the assets of the source includes adding a text asset of a
source to a frame of the selected template. If the text asset
does not fit 1n the frame based on the height of the frame, the
layout module incrementally fills the frame until 1t 1s full.
Then, the layout module begins filling the next frame with
the remaining content from the text asset.

The features and advantages described 1n this summary
and the following detailed description are not all-inclusive.
Many additional features and advantages will be apparent to
one of ordinary skill in the art in view of the drawings,
specification, and claims hereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a high-level block diagram of a system 1n
accordance with an embodiment of the invention.

FIG. 2 illustrates four example templates of a set of
templates, each having a different set of slots and/or frames
for assets of a source, 1n accordance with an embodiment.

FIG. 3 15 a flow chart of a method of selecting a template
for a source, 1n accordance with an embodiment.

FIG. 4 1s a tlow chart of a method of scoring the candidate
templates based on the assets of a source, 1n accordance with
an embodiment.

FIG. 5 1s a tlow chart of a method of scoring an 1mage slot
of a candidate template, in accordance with an embodiment.

FIG. 6 1s an 1illustration of scoring an image slot by the
method described by FIG. 5.

FIG. 7 1s a flow chart of a method of adding a text asset
to a frame of a template, 1n accordance with an embodiment.

FIG. 8 1s an example of a source (a web page 1n 1ts native
format).

FIGS. 9A and 9B illustrate the first two pages of the
source ol FIG. 8 laid out according to templates, 1n accor-
dance with an embodiment.

One skilled i the art will readily recognize from the
following discussion that alternative embodiments of the
structures and methods illustrated herein may be employed
without departing from the principles of the nvention
described herein.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

System Overview

The present mvention provides various embodiments of
systems, methods, and computer-readable storage media for
performing layout of web content based on templates. FIG.
1 1s a high-level block diagram of a system environment 1n
accordance with one embodiment. The system environment
includes at least one publisher 110A, 110B, a content
processing system 120, and a client 130 connected via a
network 101, such as the Internet.

A publisher 110, such as publishers 110A and 110B, are
any systems configured to publish web content such as text,
images, video, or audio on web pages, web feeds, or other
distribution platiorms. For convenience, each article of web
content, regardless of 1ts composition, with be referred to
heremn as a “source” 111. In the example of FIG. 1, each
publisher 110A, 110B 1s shown to have multiple sources
111 A, 111B respectively, 1llustrative of the fact that each can
publish, for example, hundreds, even thousands of web
pages on their respective systems. Each source comprises a
combination of one or more assets, where each asset 1s of a
particular asset type. The asset types include title, subtitle,
byline, dateline, pull quote, image, video, audio, caption,
and 1n-line text. A source can be formed in any type of
coding language, such as a markup language (e.g., HITML),
procedural code (e.g., Javascript), script language (e.g.
Python), a page description language (e.g., Acrobat), and so
forth, or a combination thereof.

In operation, a client 130 makes a request to the content
processing system 120 for various sources 111 from the
publisher 110. The content processing system 120 retrieves
the source 111 from the publisher 110 via the network 101.
As the sources 111 come from any variety of publishers 110,
they will be formatted in a wide variety of diflerent manners,
as different publishers will use different formatting conven-
tions defining the look of their content. As a very simple
example, one publisher may use a very formal 20 point serif
font for titles, 14 point font for headings, and 12 point font
for body text, whereas a diflerent publisher may use a fancy
24 point sans-serii font for titles, and use a 12 point font for
both headings and titles. More significantly, because of the
variety of coding languages, different publishers may define
and 1mplement entirely different tags or other coding con-
ventions for describing their sources and the assets of their
sources.

To accommodate the many and varied types of sources,
the content processing system 120 restructures each
retrieved source 111 and 1ts assets into a standardized
markup language description before providing it to the
client. For this purpose, the content processing system 120
includes a conversion module 122 and a rule database 124,
which 1s one means for performing this function. The
conversion module 122 undertakes a semantic analysis of
the source 111 based on rules present in the rule database
124, and breaks the source 111 down 1nto individual assets.
The rules database 124 contains the rules applicable to
determining the asset type for each asset based on coding
information (e.g., tags, commands, data structures) used 1n
the source 111 to describe the assets. Accordingly, the
conversion module 122 converts a recerved source 111 mto
a representation of the source that has each asset of the
source tagged with an asset type. The tagging of asset types
serves to standardize the way assets are described in each
source. More particularly, the rules provide a mapping from
many different ways that assets in appear across multiple
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publishers into a smaller, more discrete set of asset types,
such as those listed above. It 1s noted that the amount of
restructuring needed may vary widely by source. If a source
already conforms to a standardized format when received by
the conversion module 122, then little or no restructuring
need be done. Otherwise, the conversion module 122 applies
the rules of rule database 124.

For example, the content processing system 120 that
receives the HTML of a source article having a ftitle, a
byline, an 1mage, and a caption 1s tagged with the appro-
priate type for each of the assets of the source article by
applying the rules of the rule database 124. For example, a
rule in the rule database 124 may be that the first H1 tag in
an HTML document 1s considered the title of the article. If
a source contains an HI tag, then the rule 1s applied to
extract the title. As another example, a rule 1n the rule
database 124 may be that the text immediately following an
image that starts with the word “Caption:” 1s the caption of
the i1mage. In one embodiment, extrancous formatting
instructions and original HTML tags that are not used to
represent content in the templates are 1gnored and stripped
from the HITML of the source article during the conversion.
The conversion rules can include both generic rules that
apply to sources independently of the publisher, as well as
publisher specific rules.

The client 130 receives from the content processing
system 110 the restructured source 111 that has been tagged
with the asset types, and uses the restructured source 111 to
select templates for displaying the source. In this example,
the client 130 includes a layout module 133 and a template
database 135. In one implementation, the layout module 133
can be a JavaScript layout engine. The layout module 133
interprets the representation of the source 111 that has been
tagged with the asset types, determines a template from the
template database 135 to use for the layout of the assets of
the source, and lays out the assets of the source based on the
selected template. The templates allow assets of the source
to be laid out over one or multiple pages 1n a manner that
presents a visually appealing design. Templates that con-
tribute to a visually appealing design include templates that
accommodate a variety of assets (not only text), optimize
white space on a page, ensure that page breaks do not cut
through 1mages, minimize orphaned text and headlines, and
are sized appropnately for the display device to avoid
horizontal or vertical scrolling. The operation of the layout
module will be described 1n more detail below, with refer-
ence to FIGS. 3-9B.

Thus, from the viewpoint of a user of the client 130, web
content from publishers i1s automatically rendered in an
appropriately paginated layout for the user’s enjoyment.
From the viewpoint of a publisher 110, the problem of
managing the user’s visual experience of their content on an
unknown output device 1s eliminated.

As an alternative to the example architecture 1llustrated 1n
FIG. 1, the template database 135 and layout module 133
may be located on a server on the network 101 instead of on
the chient 130. When the client device requirements are
known by the server 1n advance, the server can perform the
page layout functions in advance, and serve the resulting
pages to the client 130. This architecture has the advantages
inherent 1 preparing the layouts in advance. Namely, the
ultimate delivery of the layout pages to the client 1s faster
than when the client performs the layout after recerving the
content. Also, when layouts are prepared in advance of being
requested, slower performing layout algorithms can option-
ally be used without negatively impacting the reader’s
experience. It 1s noted that some slower performing layout
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algorithms provide better quality layouts than some faster
performing layout algorithms. Thus, the quality of the layout
may be mmproved by using a slower performing layout
algorithm.

Page Templates

A page template describes a spatial arrangement (“lay-
out”) by which the assets of a source are arranged for
presentation on a display device. A template 1s comprised of
slots and frames. FIG. 2 illustrates four example page
templates 241-244 of a set of templates, each having a
different set of slots and/or frames for assets of a source 111,
in accordance with an embodiment. These templates are
examples of the templates that may be included in the
template database 135 residing on the client 130. The
templates may be wrtten, for example, m HTMLS5. The
templates 1n the template database 135 of the client 130 may
share characteristics that make each of them appropriate for
use 1n laying out content for display on the client 130, such
as overall dimensions, and dimensions of slot types and
frames. The templates may be client-device specific. For
example, the templates stored 1n a template database 135 on
an 1Pad® tablet computer from Apple Inc., of Cupertino,
Calif., have dimensions such that when content 1s displayed
according to any of the templates on the device, the content
1s presented as a single readable page, without the need for
scrolling; content that 1s longer than the available space on
a page 1s flowed over to another page. The templates
included 1n a template database 135 of a client device that
has different display characteristics may be different.

In one implementation, a common set of templates 1n the
template database 135 1s used for all publishers. In another
implementation, each publisher 110 has a set of templates
that the publisher has approved for use for the respective
publisher’s sources 111. This allows the publisher 110 to
retain 1intluence on the ultimate look and feel of the source
111 as presented on a page to the consumer, 1.e., the user of
the client 130. For example, a distinctive layout of titles and
bylines may be maintained for all articles for a publisher’s
online magazines. In another variation, each publisher
approves the use of a set of templates on a per source basis.
For example, a publisher may have particular instructions
for the positioning of text and images for a popular blogger,
in order to retain consistency i1n presentation to users.
Generally, however, the templates 1n the template database
135 are reusable for various sources 111 and across various
publishers 110 for efliciency. For example, the template
database 135 may contain on the order of one hundred
templates, and each publisher 110 may approve the use of a
set of ten for their respective sources, wherein the sets of ten
might not be mutually exclusive.

The example page templates 241, 242, 243, and 244
shown 1n FIG. 2 illustrate various combinations of slots and
frames including slot for titles 241.1, 242.1; subtitles 241.2;
images 241.5, 243.1, 244.2; by-lines 242.2; pull-quotes
242.5; captions 243.2; and frames 241.3, 241.4, 242.3,
242.4, 244 .1, 244 .3 for text content (where X.Y 1indicates
template.position). In this example, each slot holds space for
one asset of the type that the name of the slot implies (e.g.,
one 1mage in “image slot” 243.1), and each frame holds
space for text and/or other in-line content such as tables,
figures, 1n-line images, in-line video, and in-line audio.
Other templates having other combinations of slots for these
or other asset types are also present 1n the template database
135.

In one implementation, templates that have multiple slots
of the same type or multiple frames (such as template 241
having frames 241.3 and 241.4) include sequential number-
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ing of those multiple slots of the same type or multiple
frames. The sequential numbering of the multiple slots of the
same type or multiple frames aids the layout module 133 1n
filling the slots or frames 1n order. In various implementa-
tions, the templates may carry an indication of being suitable
for certain types of sources, such as being the front page of
an article, being able to accommodate an 1mage 1n landscape
orientation, being able to accommodate an 1mage 1n portrait
orientation, being able to accommodate a slide show, and the
like. Such indications can be used to group or filter templates
as described below with reference to FIG. 3.

Selecting and Using Page Templates

FIG. 3 1s a flow chart of a method of selecting a template
for a source, for example source 111, 1n accordance with an
embodiment. This method may be implemented, {for
example, by the layout module 133 of the client 130. The
method may be performed using a different sequence or
combination of steps than illustrated here, and may be
performed concurrently in multiple threads.

In step 301, a source 111 1s received by the layout module
133 of the client 130. The source 111 has already been
processed by the content processing system 120, as
described above, by which the conversion module 122
restructured the source 111 into a standardized source,
wherein each asset of the source 111 was tagged with an
asset type according to rules present in the rule database 124.

In step 302, the assets of the source 111 are 1dentified. The
layout module 133 of the client 130 interprets the tagged
asset types of the source 111 to determine a list of the assets
of the source 111. The list of assets 1s maintained 1n local
memory 1n the client 130.

In step 303, the candidate templates are 1dentified. In one
implementation, the candidate templates are all templates of
the template database 135. In another implementation, the
candidate templates are the templates that have been
approved for use by the specific publisher 110 of the source
111. In yet other implementations, the pool of candidate
templates can be further narrowed by grouping or filtering
the templates by one or more characteristics of the tem-
plates. Then only the candidates in one or more of the groups
or the candidates that have passed the one or more filters are
considered. For example, for a source having an 1image asset
in landscape orientation, the templates may be grouped by
whether there 1s an 1mage slot 1n landscape orientation. As
another example, for a source that 1s the front page of an
article, the templates may be filtered by whether they
indicate suitability for the front page of an article.

In step 304, cach of the candidate templates 1s scored
based on the assets of the source. More detail regarding one
method of scoring the candidate templates based on the
assets of the source 1s described below with reference to
FIG. 4. Generally, candidate templates that have slots of the
same number and type as the i1dentified assets of the source
score better than candidate templates that do not. In one
implementation, the score of a candidate template 1s incre-
mented for every slot it has that matches the type of an asset
of the source, and the score 1s decremented for every slot that
it has that does not match a type of an asset of source. In
another implementation, bonuses or penalties to the score of
a candidate template are assessed based on the number of
assets of the source that cannot be accommodated by a
candidate template. Additionally or alternatively, the num-
ber of times a particular template has been selected can be
used to penalize frequently used templates in order to
promote using a diversity of layouts for pages. Additionally
or alternatively, templates can be scored based on striking a
balance between diflerent amounts of assets. For example, 1
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there are more 1images than frames, favor templates that have
more 1mage slots than frames, and vice versa to produce a
good paginated flow.

In step 305, a template from the candidate templates 1s
selected based on the score. For example, the highest or best
scoring candidate template will be selected from among the
scored candidate templates.

In step 306, the assets of the source are laid out based on
the selected template. In one embodiment, the sizing and
positioning of frames and slots are adjusted to better accom-
modate the assets being filled 1n. Each slot and frame of the
selected template 1s filled with a corresponding asset of the
source. In the case of multiple slots of the same type, the
slots are filled 1n sequential order based on the numbering of
the slots 1n the template. For images, in one implementation,
the 1mage assets are top center aligned and then cropped to
{it 1n the 1mage frame. More detail regarding filling a frame
of a template with a text asset 1s provided below with
reference to FIG. 7. In one implementation, any assets of the
source that are not accommodated by the selected template
are carried over to become the starting assets of the source
for the next page to be laid out.

Once a template has been filled 1t 1s displayed to the user
on the client device 130. An example of a source (a web page
in its native format) 1s provided in FIG. 8. The first two
pages of the resulting layout of the source shown in FIG. 8
1s demonstrated 1n FIGS. 9A and 9B as it appears on an
1IPad® tablet computer.

Optionally, once a layout has been completed, the com-
pleted layout may be sent to a server. The server can store
the completed layout and any metadata used to identify the
layout parameters or client device characteristics used for
the layout. This enables the server to subsequently distribute
the stored layout to other similar clients. This has the
advantage of not requiring extensive server-side infrastruc-
ture, while still providing the performance and quality
benefits of a layout that 1s completed 1n advance.

FIG. 4 1s an 1illustration of a method of scoring the
candidate templates based on the assets of a source, 1n
accordance with an embodiment. Specifically, this diagram
illustrates one implementation of step 304 of FIG. 3. In this
implementation, the scoring steps are performed for each
candidate template 304.1, and within each candidate tem-
plate, for each slot of the candidate template 304.2. For each
slot of the candidate template 304.2, a slot subscore 1s
calculated 304.3. The slot subscore may be an integer, a
fraction, or another representation of whether or how well
the slot of the template can be filled by an asset of the source.

In some cases, the slot subscores of a template or the
template score can be weighted differently depending on the
context of the template such as whether the template 1s for
a cover page or an interior page of a magazine. For example,
i a template 1s needed for a cover of a magazine, weight can
be added to scores of large image slots or the scores of
templates having large image slots, whereas templates that
contain text frames may not be scored at all or the scores
may be highly discounted.

After the slot subscore 1s calculated 304.3, the slot sub-
score 1s added to the template score 1n step 304.4. After
iterating steps 304.3 and 304.4 across all slots of the
candidate template, the template score 1s determined 304.5
for the candidate. After iterating steps 304.2 and 304.5
across all candidate templates, each candidate template will
have a score. In one vanation, only slots of a candidate
template contribute to the candidate template’s score,
whereas frames do not. In another variation, both slots and
frames contribute to the candidate template’s score, and

10

15

20

25

30

35

40

45

50

55

60

65

8

templates that result 1n a page layout having a large amount
of white space (e.g., because the amount of text of a text
asset available to fill a frame 1s small compared to the size
of the frame) are disfavored. Another technique to score
frames of a template or the templates themselves 1s based on
how many typographical widows and orphans are present in
the frames. Templates that result in a large number of
widows and orphans are disfavored compared to templates
that enable related text to remain together.

FIG. 5 1s a tlow chart of a method of scoring an 1mage slot
of a candidate template, in accordance with an embodiment.
Specifically, this flow chart illustrates one implementation of
step 304.3 of FIG. 3 for an instance of an image slot of a
candidate template. FIG. 6 1s an illustration of scoring an
image slot by the method described by FIG. 5.

In step 501, the aspect ratio of the image 1s 1dentified. In
the example illustrated 1n FIG. 6, the image 666 has an
aspect ratio of 5:3.

In step 502, while preserving the aspect ratio of the image,
the 1mage 1s scaled to {ill the image slot. FIG. 6 illustrates
four example templates 641, 642, 643, 644, cach containing
a respective image slot 641.0, 642.0, 643.0, 644.0. As shown
by the examples illustrated 1n FI1G. 6, the result of scaling the
image to {ill the image slot 1s that the 1image will match one
dimension of the image slot, and unless a perfect match 1s
attained, the image will exceed the confines of the slot in the

other dimension. The area of the scaled image that exceeds
the confines of the slots 641.0, 642.0, 643.0, 644.0 1s shown

by the shaded areas 641.6, 642.6, 643.6, 644.6.

In some cases, illustrated here by 1mage slot 642.0 of
template 642, the boundary of the image slot may be flexible
to better accommodate a wider variety of image aspect ratios
and 1mage sizes. In this example, the dotted line 642.2
represents area ol the template that can be taken up by
expanding the image slot to encompass a greater vertical
extent. In this case, the image will be scaled to at least fill
the 1mage slot outlined by 642.0, but, 11 additional vertical
area 1s needed, the image slot could be expanded into a
portion or all of the area within the dotted line 642.2. It 1s
noted that the flexible boundary of 1mage slot 642.0 does not
guarantee the best score for the image slot 642.0 for template
642. Thus, the steps of the method of FIG. § are still
undertaken for each image slot of each candidate template to
determine the scores, regardless of whether they are flexible
image slots.

In step 503, the area of the image to be cropped 1s
determined. The area of the image to be cropped 1s the area
of the scaled image that exceeds the confines of the image
slot. The area of the scaled image that exceeds the confines

of the slots 641.0, 642.0, 643.0, 644.0 1s shown by the
shaded areas 641.6, 642.6, 643.6, 644.6.

In step 504, the score of the image slot based on the
degree of scaling and the area of the image to be cropped 1s
determined. In general, the less scaling (either up or down)
needed to fill the 1image slot, the better the score. The score
may be a linear or non-linear function of the scaling factor.
In some cases, 1t may be beneficial to heavily penalize image
slots that require scale factors that are not near 1, because of
the degradation of the image quality that 1s expected when
an 1mage 1s not presented at a size that 1s close to the original
image size. Additionally, the score of the image slot 1s based
on the area of the image to be cropped. The best score 1n this
respect 1s given to an 1image slot 1n which the image can fit
without any cropping. In general, the higher the area of the
image that can be displayed 1n the image slot (that does not
need to be cropped), normalized as a percentage of the total
image area, the better the score. For example, image slot
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641.0 scores more highly than image slot 644.0 because area
641.6 1s smaller than area 644.6 as a percentage of the total
image area. The score of the image slot based on the degree
ol scaling 1s combined with the score of the 1mage slot based
on the area of the image to be cropped, for example by
adding them. Other methods of scoring the 1image slot based
on the degree of scaling and the area of the image to be
cropped are also possible.

Alternatively or additionally, the score of an image slot
can be aflected by a rectangle of importance of an image as
indicated by a preprocessing step. The rectangle of 1mpor-
tance 1s a demarcation applied to the image to indicate the
most important portion of the image, such as the central
teature, figure, or the like, that should not be cropped from
the 1mage. For example, the rectangle of importance may
surround a face detected in the i1mage using any face
detection algorithm known to those of skill 1n the art.
Accordingly, the score of an 1image slot that accommodates
the entirety of the rectangle of 1mp0rtance will be higher
than the score of an 1mage slot that requires the 1image to be
cropped inside the rectangle of importance. The scoring of
an 1mage slot may be based on how much cropping is
performed inside a rectangle of importance. Also, the ulti-
mate positioning of an 1mage 1n an 1image slot can be made
based on the rectangle of importance.

Filling a Frame of a Template

FIG. 7 1s a flow chart of a method of adding a text asset
to a frame of a template, 1n accordance with an embodiment.
The method begins 1n step 701 by 1dentifying the text asset
of a source. As described above, the text asset may include
words of text organized into paragraphs, as well as tables
and other 1n-line figures, n-line videos, and in-line audio,
referred to collectively as 1n-line content.

In step 702, a check 1s made to determine 11 the text asset
fits in the frame based on the dimensions of the frame,
specifically the height of the frame. IT the text asset fits 1n the
frame, then the text asset 1s added to the frame 1n step 703.
IT the text asset does not {it 1n the frame, then 1n step 704,
the frame 1s incrementally filled with in-line content from
the text asset, until, as determined 1n step 705, the frame 1s
tull. In some cases, the text sizing may be altered to fit inside
the frame (1.e., shrmk to-fit). In other cases, the text size 1s
maintained to ensure format consistency and readability.

As an alternative to step 704, when an entire text asset
does not {it 1n a frame, the length of the text asset in
characters 1s divided approximately 1n half (respecting word
boundaries), and then the first half 1s tested against the size
of the frame to determine 11 1t fits. This step can be iterated
until the first portion of the text asset {its, and then 1terated
to continue filling the frame with the next portion of the text
asset, until not another word will fit in the frame.

Once the frame 1s full, 1 step 706, the method continues
by filling the next frame with the remaining 1n-line content
from the text asset. In this way, the frames of a template are
filled sequentially with in-line content from the text asset of
the source. If there are no remaining frames within a
template for the remaining in-line content, then the remain-
ing in-line content are carried over to begin filling the first
frame ol a new page template.

Accordingly, the template-based page layout methods
described with reference to FIGS. 3-9B allow assets of the
source to be laid out over one or multiple pages 1n a manner
that presents a visually appealing design. By scoring tem-
plates and selecting the most appropriate one for a given
source based on the assets of the source, a variety of web
content can be automatically rendered 1n an engaging layout
that enhances the user’s enjoyment of the content.
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Additional Configuration Considerations

The present invention has been described in particular
detail with respect to several possible embodiments. Those
of skill in the art will appreciate that the invention may be
practiced 1n other embodiments. For example, the described
methods can be used in conjunction with conventional
automatic layout algorithms to produce improved layout
results. Also, the particular naming of the components,
capitalization of terms, the attributes, data structures, or any
other programming or structural aspect 1s not mandatory or
significant, and the mechamsms that implement the mven-
tion or its features may have different names, formats, or
protocols. Further, the system may be implemented via a
combination of hardware and software, as described, or
entirely 1n hardware elements. Also, the particular division
of functionality between the various system components
described herein 1s merely exemplary, and not mandatory;
functions performed by a single system component may
instead be performed by multiple components, and functions
performed by multiple components may instead performed
by a single component.

Some portions o above description present the features of
the present invention in terms of algorithms and symbolic
representations of operations on information. These algo-
rithmic descriptions and representations are the means used
by those skilled 1n the data processing arts to most etlec-
tively convey the substance of their work to others skilled in
the art. These operations, while described functionally or
logically, are understood to be implemented by computer
programs. Furthermore, it has also proven convenient at
times, to refer to these arrangements of operations as mod-
ules or by functional names, without loss of generality.

Unless specifically stated otherwise as apparent from the
above discussion, i1t 1s appreciated that throughout the
description, discussions utilizing terms such as “determin-
ing” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system memories
or registers or other such information storage, transmission
or display devices.

Certain aspects of the present invention include process
steps and 1nstructions described herein 1n the form of an
algorithm. It should be noted that the process steps and
instructions of the present invention could be embodied 1n
software, firmware or hardware, and when embodied 1n
soltware, could be downloaded to reside on and be operated
from different platforms used by real time network operating
systems.

The present mvention also relates to an apparatus for
performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated
or reconfigured by a computer program stored on a computer
readable medium that can be accessed by the computer and
run by a computer processor. Such a computer program may
be stored 1n a computer readable storage medium, such as,
but 1s not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, magnetic-optical disks, read-only
memories (ROMS) random access memories (RAMs),
EPROMs, EEPROMSs, magnetic or optical cards, application
specific mtegrated circuits (ASICs), or any type of media
suitable for storing electronic instructions, and each coupled
to a computer system bus. Furthermore, the computers
referred to 1n the specification may include a single proces-
sor or may be architectures employing multiple processor
designs for increased computing capability.
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In addition, the present mvention i1s not limited to any
particular programming language. It 1s appreciated that a
variety of programming languages may be used to imple-
ment the teachings of the present invention as described
herein, and any references to specific languages are provided
for enablement and best mode of the present invention.

The present mvention 1s well suited to a wide variety of
computer network systems over numerous topologies.
Within thas field, the configuration and management of large
networks comprise storage devices and computers that are
communicatively coupled to dissimilar computers and stor-
age devices over a network, such as the Internet.

Finally, 1t should be noted that the language used in the
specification has been principally selected for readability
and 1nstructional purposes, and may not have been selected
to delineate or circumscribe the inventive subject matter.
Accordingly, the disclosure of the present invention 1s
intended to be illustrative, but not limiting, of the scope of
the 1nvention.

What 1s claimed 1s:

1. Amethod for performing client-side page layout of web
content using templates, the method comprising:

receiving a source comprising a plurality of assets of

different asset types;

identifying a plurality of candidate templates from a

template database, where each idenftified candidate
template comprises a plurality of slots, and where each
slot 1s configured to receive an asset of a particular asset
type;

for each particular slot of each of the i1dentified candidate

templates, calculating a slot subscore by:

identifying an aspect ratio of an image asset included 1n
the source,

scaling the image asset, while preserving the aspect
rati0, to fill the particular slot when the particular slot
1s an 1mage asset type slot,

determining an amount of scaling applied to the image
asset to scale the image asset to fill the particular slot,

determining an area of the image asset to be cropped
based on an amount of the scaled image that extends
beyond one or more boundaries of the particular slot,
and

calculating the slot subscore for the particular slot
based at least 1n part on the determined area of the
scaled 1mage asset to be cropped and on the deter-
mined amount of scaling applied to the 1image asset;

determining a score for each of the plurality of 1identified
candidate templates, wherein the score for an 1dentified
candidate template 1s determined by:
aggregating the calculated slot subscores for the plu-
rality of slots included in the identified candidate
template, and,
comparing a number and types of slots included in the
identified candidate template with a number and
types of assets included 1n the source;
selecting a particular template from the scored plurality of
identified candidate templates based on the scoring; and

generating a readable article on a client device by placing
the assets of the source into slots of the particular
template based on asset types of the assets of the
source, each slot of the particular template configured
to recerve an asset of the source having a common asset
type.

2. The method of claim 1, wherein the source comprises
web content published by a publisher.

3. The method of claim 2, wherein the 1dentified candidate
templates are templates approved by the publisher.
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4. The method of claim 1, wherein the identified candidate
templates are templates that lay out web content as a single
readable page on a display of the client.

5. The method of claim 1, wherein each of the plurality of
assets has an asset type selected from a group comprising:
title, subtitle, byline, dateline, pull quote, 1mage, video,
audio, caption, and in-line text.

6. The method of claim 1, wherein determining a score for
cach of the identified candidate templates comprises weight-
ing the identified candidate template scores diflerently
depending on context.

7. The method of claim 1, wherein determining a score for
cach of the 1dentified candidate templates comprises scoring
frames of the 1dentified candidate templates based on avoid-
ing typographical widows and orphans.

8. The method of claim 1, wherein generating the readable
article on the client device comprises:

responsive to an entire text asset not fitting 1n a first frame

of the particular template:

incrementally filling the first frame with a text asset
until the first frame 1s tull; and

filling an additional frame of the particular template
configured to receive the text asset with remaining
content from the text asset.

9. The method of claim 1, wherein generating the readable
article on the client device comprises:

responsive to an entire text asset not fitting 1n a first frame

of the particular template:

iteratively dividing the text asset in half and testing
whether the first half of the text asset fits 1n the first
frame until a first portion of the text asset fits 1n the
first frame; and

repeating the dividing step with a remaiming portion of
the text asset until no other words of the text asset fits
in the first frame.

10. The method of claim 1, further comprising sending the
readable article to a server for subsequent distribution to
other client devices.

11. A computer program product comprising a non-tran-
sitory computer-readable storage medium containing com-
puter program code for performing client-side page layout of
web content using templates, the code for:

receiving a source comprising a plurality of assets of

different asset types;

identifying a plurality of candidate templates from a

template database, where each idenftified candidate

template comprises a plurality of slots, and where each

slot 1s configured to receive an asset of a particular asset

type;.

for each particular slot of each of the 1dentified candidate

templates, calculating a slot subscore by:

identifying an aspect ratio of an image asset included 1n
the source,

scaling the 1mage asset, while preserving the aspect
rat10, to fill the particular slot when the particular slot
1s an 1mage asset type slot,

determining an amount of scaling applied to the 1mage
asset to scale the image asset to fill the particular slot,

determining an area of the image asset to be cropped
based on an amount of the scaled image that extends
beyond one or more boundaries of the particular slot,
and

calculating the slot subscore for the particular slot
based at least 1n part on the determined area of the
scaled 1image asset to be cropped and on the deter-
mined amount of scaling applied to the 1image asset;
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determining a score for each of the plurality of identified
candidate templates, wherein the score for an 1dentified
candidate template 1s determined by:
agegregating the calculated slot subscores for the plu-
rality of slots included in the identified candidate
template, and,
comparing a number and types of slots included 1n the
identified candidate template with a number and
types of assets included 1n the source;
selecting a particular template from the scored plurality of
identified candidate templates based on the scoring; and

generating a readable article on a client device by placing
the assets of the source into slots of the particular
template based on asset types of the assets of the
source, each slot of the particular template configured
to rece1ve an asset of the source having a common asset
type.

12. The computer program product of claim 11, wherein
the source comprises web content published by a publisher.

13. The computer program product of claim 12, wherein
the 1dentified candidate templates are templates approved by
the publisher.

14. The computer program product of claim 11, wherein
the 1dentified candidate templates are templates that lay out
web content as a single readable page on a display of the
client.

15. The computer program product of claim 11, wherein
cach of the plurality of assets has an asset type selected from
a group comprising: title, subtitle, byline, dateline, pull
quote, 1mage, video, audio, caption, and in-line text.

16. The computer program product of claim 11, wherein
determining a score for each of the identified candidate
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templates comprises weighting the identified candidate tem-
plate scores differently depending on context.

17. The computer program product of claim 11, wherein
determining a score for each of the identified candidate
templates comprises scoring frames of the identified candi-
date templates based on avoiding typographical widows and
orphans.

18. The method of claim 11, wherein generating the
readable article on the client device comprises:

responsive to an entire text asset not fitting in a first frame

of the particular template:

incrementally filling the first frame with a text asset
until the first frame 1s full; and

filling an additional frame of the particular template
configured to receive the text asset with remaining
content from the text asset.

19. The method of claam 11, wherein generating the
readable article on the client device comprises:

responsive to an entire text asset not fitting 1n a first frame

of the particular template:

iteratively dividing the text asset in half and testing
whether the first half of the text asset fits in the first
frame until a first portion of the text asset fits in the
first frame; and

repeating the dividing step with a remaiming portion of
the text asset until no other words of the text asset fits
in the first frame.

20. The method of claim 11, further comprising sending,
the readable article to a server for subsequent distribution to
other client devices.
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